ABSTRACT In 1985, employees in the china clay industry were offered chest x ray examinations and 4478 (52-6% of the total workforce) accepted. Of these, 4167 workers and pensioners of the largest single employer also completed occupational histories, respiratory symptom questionnaires, and underwent ventilatory capacity tests. The x ray readings (read to the 1980 ILO classification) of the 4167 workers and pensioners were analysed to seek relations between the indices ofpulmonary health and occupational exposure. The information available, particularly on occupational history, was more detailed than in previous studies of 1961, 1977, and 1981 In 1985 a chest x ray survey was carried out by the Nottingham based mobile unit of the National Coal Board using 40 x 40 cm films. It was offered to all people employed in the china clay industry in the south west of England. The subsequent analyses were based on a group of workers from the largest single employer, which represented 94% of the china clay industry for which full occupational details were available. For this group an overall response rate of 65% was achieved. For china clay employees in potentially dusty occupations (where measured respirable dust concentrations may exceed 0 5 mg/m3), however, the response rate was higher, at approximately 85%.
smoking class and a loss in ventilatory capacity (FVC or FEV,), FEV, being the most dominant.
Allowing for this, there was no further effect for years of exposure, x ray category, or age.
In 1985 a chest x ray survey was carried out by the Nottingham based mobile unit of the National Coal Board using 40 x 40 cm films. It was offered to all people employed in the china clay industry in the south west of England. The subsequent analyses were based on a group of workers from the largest single employer, which represented 94% of the china clay industry for which full occupational details were available. For this group an overall response rate of 65% was achieved. For china clay employees in potentially dusty occupations (where measured respirable dust concentrations may exceed 0 5 mg/m3), however, the response rate was higher, at approximately 85%. Accepted 21 March 1988 Earlier chest x ray surveys of china clay workers were The aim of the study was to monitor the effect of working environment on pulmonary health and in particular to decide whether the progressive improvements in the working environment over the years had decreased the extent of pneumoconiosis.
Data
The data available for analysis were epidemiological x ray readings, occupational histories, lung function measurements, and a respiratory symptoms questionnaire including detailed history of smoking habits. Many dust concentration measurements for specific jobs and locations have also been collected and used indirectly in the analyses. DUST 
CONCENTRATIONS
In the winning and processing of china clay the amount of respirable dust likely to be produced varies from a low level where the clay is being processed as a dilute slurry to a higher level when the clay is being dried or milled.34 For the purpose of this analysis, employment was categorised into groups with similar dust exposure levels. Dust measurements of a rudimentary nature had been carried out since 1965 but only since 1978 had personal respirable and total dust measurements been made. It is not possible to quantify with any accuracy dust concentrations before
1978.
Dust concentrations are now measured using either MRDE 11 3A gravimetric samplers or personal sampling pumps fitted with the Casella/MRC cyclone heads. Job groupings were based on average dust concentrations at various production locations since systematic sampling began.
Many operational changes have been introduced, mainly in the 1970s, to improve airborne dust control and to reduce the amount generated in the production process. The many changes have led to a progressive reduction in airborne dust concentrations. Table 1 shows the average respirable dust concentration measurements and the numbers of samples taken for the different types of production locations at which sampling is carried out from January 1984 to March 1986.
Since the effect of china clay dust on the lung is expected to be cumulative and long term, and there are as yet inadequate data to provide a reliable exposure index for individual subjects, it was necessary to use *This is an assumed average figure based on regular sampling at the older of the two slurry plants, known to be more dusty, and a small number of samples at the modem, less dusty plant.
Ogle, Rundle, Sugar Table 2 shows that the response from pensioners was only 15%. Of the responding pensioners, 61% finished their employment in potentially dusty occupations (see below) compared with 33% for the total of responding and non-responding pensioners, which may indicate that the responding pensioners were biased towards those with dust exposure.
For current employees the proportion of all eligible employees with potentially dusty occupations was 16%, whereas the percentage of responders in potentially dusty occupations was 21%. Therefore responding current employees were also biased towards those with dust exposure.
X RAY READINGS
The x ray films of the 4167 workers and pensioners who took part in the survey were read "blindly" and independently by a panel of three experienced readers. The readings were read to the standard ILO classification of radiographs ofpneumoconioses, revised 1980.5 OCCUPATIONAL HISTORY In previous surveys occupational history questionnaires were completed at the time of the x ray examination. The different types of employment were categorised into a limited fixed set of groups. This the period he holds ajob and this reduces the reliability of the mathematical analyses. In this study the duration of "non-dusty life" has also been used as one of the independent variables in some analyses. The term non-dusty life is defined as the sum of the time before employment, the time after retirement, and time in jobs where the level of respirable dust does not exceed that of the normal living conditions of the general population (typically less than 0-3 mg/m3). In the present study working life spent in offices, workshops, vehicles, and pits has been included in non-dusty life.
JOB GROUPINGS USED IN ANALYSES
For the purpose of analysis it was decided to make a distinction between "early" and "late" dust exposure, by choosing 1971 (1 January) as the dividing date. It was around this date that the older drying processes (pan kilns) were phased out. The grinding and flotation ofchina stone also ended at the start of the 1970s. Table 3 shows the job classifications used in the analyses where "Y" indicates that a job exists and NA indicates that it is inapplicable.
The job classifications other than non-dusty life are referred to below as potentially dusty jobs. Ogle, Rundle, Sugar The written comments recorded by readers when reading the x ray films were examined. In 41 of the 47 radiographs readers had recorded signs of other diseases, possible asbestos exposure, or rib abnormalities.
Pleural thickening was treated as a yes/no variable and subjected to binary regression analysis. The results indicate that the likelihood of occurrence of pleural thickening increases with age and x ray category (profusion of small opacities, see below) and is dependent on smoking class. There was no dependence on years of employment in potentially dusty jobs.
Seventeen cases of pleural calcification were recorded, 12 of them by more than one reader. In 14 cases other diseases or injury were also noted and there were possibilities of asbestos exposure in the remaining three cases.
Small opacities
Profusion Table 4 shows the number of films in each category read by each reader with the median reading. Table 5 gives a breakdown by age of major x ray category of the median reading. It should be noted that 10 of the 39 films read at category 2 and three of the five films read at category 3 were of pensioners (though the proportion of pensioners in the study population was only 8%).
Small opacity zones Where opacities were present they were more often recorded in the lower and middle zones than in the upper zones of the lung (on average 19% of recorded opacities were in the upper zones of the lung compared with 39% in the middle and 42% in the lower). For non-smokers slightly more opacities occurred in the middle zones than in the upper zones, whereas for smokers and ex-smokers the reverse was true.
Shape and size of small opacities The small opacities were most often recorded as being a mixture of rounded and irregular shapes of medium size.
Overall, 60% ofsmall opacities were recorded as being pure or predominantly rounded in shape. Significantly more smokers and ex-smokers were recorded as having predominantly or pure irregular opacities than non-smokers. Table 6 shows percentages of each 
INTRAOBSERVER VARIATION
The conformity of readings between the three readers was good with only 255 films (4 8%) giving results wider than three subcategories and 38 films (07%) wider than four subcategories. On individual inspection, it was shown that for the films for which the interpretations between readers differed by more than three subcategories, there was a far higher incidence of incorrectly exposed films (60% compared with 32% overall) and also a higher incidence of other disease noticed by one or more of the readers. In Table 7 shows the regression coefficients and standard errors for the two analyses. The number of subjects in each category is given.
Of the current job classifications, the regression coefficients show that employment in mills has the greatest effect on x ray category, followed by dryers. This is in keeping with the average respirable dust concentrations (table 1) . Employment in calciners has a low effect despite the relatively high dust concentra- For attritor mills and dryers the regression coefficients are significantly lower for post-1971 employment than for the corresponding pre-1971 employment, being about half in the first analysis and a third in the analysis excluding those with exposure before 1971. This is indicative ofthe effect ofimproved working conditions. Few subjects were employed in calciners before 1971 and this job classification was insignificant in the regression.
In china stone mills there were again few subjects but the incidence ofpneumoconiosis was high (14 of37 people had a radiological score of I or more) and this occupation had by far the highest regression coefficient. This contrasts with the findings ofOldham2 and Rossiter (unpublished), in whose studies the china stone mills were found to be comparable with dryers and attritor mills in their effect. This is almost certainly because of the detailed occupational histories available in the present study, allowing for the clear identification ofthose exposed to china stone dust, and shows the importance ofsuch information. In addition there may be a progressive effect ofchina stone dust in the lung. Ogle, Rundle, Sugar china clay. China stone can contain up to 25% quartz whereas china clay contains less than 1%.)
For the total population, 24% of the variance was accounted for by occupational history. In the population of 3689 only 8 5% had an x ray category greater than major category 0 and 43% had had potentially dusty jobs whereas in the 1977 x ray survey2 which concentrated mainly on workers in china clay dryers there were 23% above major category 0 and almost 100% with some employment in a potentially dusty job. This may account for the slightly higher level of explained variance found by Oldham (32% as opposed to 24%).2
In the population with little or no exposure before 1971 (the second of the analyses) the variance accounted for was lower, at 9%. This was due to a lower proportion having been exposed to clay dust (28%) but more particularly to a lower proportion of abnormal films (4% above category 0).
A detailed analysis of the post-1971 group showed that of the 123 subjects whose x ray score was greater than 0, only 24 had at any time worked in potentially dusty jobs as defined previously, 48 had worked only in jobs judged to have no dust, and the remaining 51 had worked in jobs judged to have little exposure to dust (refining plants and pits). Ofthe x ray films for the 123 subjects, 102 were found by two or more readers to be of poor quality or to show signs of disease other than pneumoconiosis, as was also the case for 17 ofthe 24 subjects who had worked in potentially dusty jobs. A further point relevant to this group ofsubjects is that they are generally older than the total population, with 61% being over 50 (compared with 34% in the study population). To investigate further the abnormal readings in this group, a small subset of films of category 1 have been reread clinically and the findings will be discussed in a subsequent publication.
AGE AND X RAY SCORE IN DIFFERENT JOBS
The data have been presented in a graphical form based on the average man following a single job classification from the start of employment at age 15. Figure 1 shows predicted radiological score versus age for this average man who joined before 1971 and worked for example in a dryer (line A) as it then was. It is implicit in the analysis that the working conditions did not change, or are averaged, although in reality conditions have improved. Examples are also given in the figure for the average man working in an attritor mill (line B), in the grinding of china stone (line D), and in a non-dusty occupation (line C). The lines are calculated by the formula:
Lo& (score at age p) = Intercept + 15 x coefficient for nondusty life + (p-15) x coefficient for job group Figure 2 shows the predicted radiological score for continuous employment in post-1971 conditionsthat is, for those with no potentially dusty jobs before 1971. The lines therefore show what would be expected to happen to the average man in the future, employed in each of the jobs, but in conditions as they have averaged since 1971. Tables 8 and 9 show the resulting regression coefficients using age and radiological score as independent variables. For all smoking classes, ventilatory capacity is highly dependent on age. Both FVC and FEV, l10
decline more rapidly for ex-smokers and smokers than for non-smokers. Ventilatory capacity is also dependent on radiological score. An increase of x ray score by one (equivalent to a change of one major x ray category) may be equated to 6-5 years of aging for non-smokers in its effect on FVC, and to 5-0 and 5-7 years of aging for ex-smokers and smokers respectively. Table 10 summarises the positive responses to the respiratory questionnaire and gives details of the symptoms analysed.
RESPIRATORY SYMPTOMS
There are 3682 people included in this and subsequent symptom analyses. Seven did not complete a questionnaire.
BINARY REGRESSION ANALYSIS OF RESPIRATORY SYMPTOMS
The potential effect of all the data collected on the probability of exhibiting respiratory symptoms was investigated using binary regression analysis separately for the three smoking classes. For the first level of symptom the most dominant effect was the level of ventilatory capacity, and indeed if FEV, was allowed for then there was no further effect for years of exposure, x ray category, or even age on the probability of a symptom. This finding has been confirmed by comparing the numbers of cases of a symptom by age, exposure, and x ray category with the numbers predicted solely from the level of FEVY. This is illustrated in table 11 for the symptom cough and phlegm (for all smoking classes combined) and shows that FEVY predicts cough and phlegm excellently irrespective of age, x ray category, or years of exposure. The discrepancies show no clear pattern except that the number of cases aged 30-40 is consistently underestimated and the number aged 50-60 consistently overestimated.
The results of the above analysis also show that the smoking classes differ. Smokers show a higher probability of exhibiting a symptom at a particular FEV, than non-smokers. For ex-smokers there is no such constant relation; for the symptom of cough exsmokers are similar to non-smokers, whereas for phlegm and cough and phlegm they have a similar level of symptoms as non-smokers at high FEVY but at low FEV, they have more symptoms than smokers. Figure 3 shows the predicted level of cough and phlegm for the three smoking classes. The higher level(s) of each symptom had too few positive responses for any satisfactory conclusions to be drawn.
Conclusions
Several major conclusions emerge from this 1985 study. In general, the effect of employment in current occupations on x ray category is greatest for attritor mill workers. For some jobs, notably dryers and attritor mills, the occupations have carried less attendant risk of pneumoconiosis since the early 1970s when dust control was improved. Under these improved conditions the average person exposed to dust only after 1971 would not be expected to reach category 1 in a full working life. For those with exposure before 1971, the category reached will depend on the extent ofthe early exposure, but the rate of development ofpneumoconiosis in conditions after 1971 is approximately halved.
The milling ofchina stone has the largest effect on x ray category, and higher than in previous studies. This occupation ceased completely within the industry some 15 years ago. There is some evidence that the effect of exposure to china stone dust may be progressive.
The perceived personal effect of pneumocionosis is the associated loss of ventilatory capacity rather than the x ray category itself. The results, as in previous studies, showed that vital capacity declines with age (and more rapidly for smokers) and with x ray category, and that a change of one major category is equivalent to five to six years of aging. FEV also declines with age (and again more for smokers) at about the same rate as vital capacity. FEV is also dependent on x ray category. Relating these results to the expected changes in x ray category implies that a full working life under the worst current conditions could lead to a loss in ventilatory capacity equivalent to five to six years of aging.
A further finding in this study is that the probability of exhibiting respiratory symptoms can be explained by the level of ventilatory capacity alone for each of the three smoking classes. Age, exposure to dust, and x ray category have no additional effect.
